Hemicellulose is one of the most abundant natural resources, which extensively exist in the pant tissues as the compositions of the cell wall filling between lignin and cellulose. In this review, the hemicellulose based hydrogels was illustrated in details including the hemicellulose derivatives (such as precursor of hemicellulose based hydrogel), hydrogels fabrication methods, origin of hemicellulose, composite hydrogels, and so on. In addition, the authors as well overviewed the new methods for fabrication of hemicellulose based hydrogels and special functional hemicellulose based hydrogels.
hydrogel formulations including alginate, dextran, chitosan, starch, and purified hemicellulose (Chang, Duan, & Zhang, 2009; Chen, Jo, & Park, 1995; Hennink, Franssen, van Dijk-Wolthuis, & Talsma, 1997) . In the agricultural field, release systems for fertilizers are a long-known opportunity to reduce costs and environmental impact as well as increase the profit. Another possible use for release systems in agriculture is a seed treatment that enables so-called relay cropping or cover crops to increase crop yields per area and year as well as protect the land against erosion.
Hemicellulose
Hemicellulose as natural polysaccharide is the second most abundant component of the plant materials. Plant materials main consist of cellulose, hemicellulose and lignin. Hemicellulose is about 20% -30% of the total weight of the lignocellulosic biomass (Anwar, Gulfraz, & Irshad, 2014) . Unlike cellulose, hemicellulose consists of shorter chains 500 -3000 sugar units as opposed to 7000 -15,000 glucose molecules per polymer.
Structure of Hemicellulose
Hemicellulose is hetero polymers (matrix polysaccharides) constructed by differ- In contrast, the predominant component of softwood hemicellulose is O-acetyl-galactoglucomannan (AcGGM) (Figure 3 ). The backbones of softwood hemicellulose are composed by mannose units combining with glucose units randomly (Ayoub, Venditti, Pawlak, Sadeghifar, & Salam, 2013; De & Visser, 2001 ).
There are several methods applied to separate the hemicellulose from the wood materials such as acid pretreatments (Nguyen, Tucker, Keller, & Eddy, 2000), alkaline extraction (Egüés, Sanchez, Mondragon, & Labidi, 2012) , liquid hot-water extraction (Hasegawa, Tabata, Okuma, & Mae, 2004) , steam treatment (Palm & Zacchi, 2003) , ionic liquid extraction (Froschauer et al., 2013) and so on. These methods are available to extract the hemicellulose. However, acid pretreatment such as sulfuric acid, could obtain more degraded products dissolved sugars. While hot-water method could cleave the acetate group from hemicellulose, Ionic liquid method has been used by Froschauer and coworkers to obtain the hemicellulose with high purity. Alkaline method is extensively applied and well-studied in extract hemicellulose. The reason is that alkaline method could furthest retain integrity of hemicellulose the different method employed denpends on what the product you target to. As for the hydrogel and film, it may be extremely important to use alkaline method for the separation of hemicellulose from biomass. 
Hemicellulose Derivatives
Several monomers have been used to prepare hemicellulose based hydrogels.
These monomers include acrylic acid (AA), maleic acid, methacrylic acid and others. Acrylic acid is an important monomer which is widely used for the preparation of functional hydrogels. Acrylic acid as monomer is well studied and known as a very effective monomer for forming hydrogel. Indeed, acrylic acid can easily react with hemicellulose extracting from most kinds of plants. In research by Peng and coworkers, hemicellulose which was extracted from bamboo by using alkali method (10% KOH) in the presence of cross-linker copolymerized with acrylic acid as shown in (Figure 4 ). Different ratio of MBA/XH and AA/XH were employed to investigate the influence of the networks. The results showed as-prepared hydrogels can absorb 91 to 822 times weight of itself, and were sensitive to ph. The hydrogels also have the feature of reversible on-off switching behavior in acidic-basic solutions or water-ethanol or acetone solution (Peng, Ren, Zhong, Peng, & Sun, 2011) . In another study, the hydrogel by grafting acrylic acid on the backbone of hemicellulose possessed honeycomb-like porous structure and had remarkable pH-sensitivity. Meanwhile, the biodegrade ability was conducted as well. In fact, the hydrogel can be degraded, due to their hemicellulose ingredients (Sun, Wang, Jing, & Mohanathas, 2013) .
Hemicellulose esterification with maleic anhydride in DMSO was performed by Voepel et al. (Voepel et al., 2009) . In this study, hemicellulose separated from pulp of spruce grafted with maleic acid to produce the matrix of ionic hydrogel.
The hemicellulose derivatives were applied to forming hydrogel by redox initiative system, and the ratio of swelling, mechanical properties were investigated.
The drug release experiments were carried out by using caffeine and vitasyn blue as model drugs. The results showed different types of hydrogel had different release rate of drugs, the fast time of 50% of caffeine was 13 min, and 50 min as for the vitasyn blue. However, the maleic acid added to AcGGM, the released time will slower than the any of the single kind of as-prepared hydrogel. Another study by using a couple of precursors (Maleki, Edlund, & Albertsson, 2017) . The shear storage modulus of IPNs was 2.5 -5 times higher than that of the corresponding precursor single network. The swelling rate were faster compared the single network gels.
Synthesis of Methacrylic Hydrogels
Acrylic acid is frequently grafted molecular for preparing hemicellulose-based hydrogel, due to its excellent reaction activity. Researchers studied also studied its analogous such as methacrylic acid to prepare hydrogel. Ferrari and coworkers designed renewable hemicellulose based amidoamine hydrogels that prepared through free radical copolymeriaztion of poly (amidoamine) and hemicellulose derivatives. In research, the synthetic approach was viable in order to fabricate the functional hydrogels. The results indicated that as-prepared hydrogels displayed significant high adsorption capacity for heavy metal ions such as Cu 2+ , Pb 2+ , Co 2+ .
As the reactions list above, the hemicellulose based hydrogels were synthesized by grafting the acrylic acid to the backbone of the hemicellulose. The mechanism of the preparation of hydrogels briefly as follows: sulfate anion radical generated from ammonium persulfate deprives of hydrogen from the hydroxyl group of hemicellulose backbone to form alkoxy radicals, resulting in active centers on the hemicellulose to radically initiate polymerization (Peng et al., 2011; Sun et al., 2015) . (Cao, Peng, Zhong, & Sun, 2014) and potassium persulfate (KPS) (Maleki, Edlund, & Albertsson, 2015) , sodium sulfite (Maleki et al., 2015) , AcGGM was materials for thiolation through one-pot synthetic methodology, this reaction realized by the AcGGM-mediated nucleophilic ring-opening reaction of thiobutyrolactone via the activation of the polysaccharide pendant hydroxyl groups.
Click Reaction of Hemicellulose and Thiol-Ene
The first step is to synthesis thiolate acetyl galactoglucomannan, previous study was applied pendant amine or carboxylic acid via transesterfication to complete the objective products for several steps (Lin et al., 2010) . However, in the reaction of thiol-ene click chemistry, it just needed one step. And the solvent used water as solvent, use thioacetic acid-ene approach; they successfully introduced thiol-amine-or amino acid functional xylan. First of all, the allyl chloride reacted with hydroxyl on xylan through esterification, secondly, via click chemistry; the thiol was introduced on the backbone of the xylan. The thiol-containing xylan was used to modify filter paper surface by a simple dipping method, which provides a novel and convenient (Pahimanolis, Kilpeläinen, Master, Ilvesniemi, & Seppälä, 2015) .
Hemicellulose-Polymer Composite Hydrogels
Hemicellulose based hydrogels attracted much attention and were focused on (Gabrielii & Gatenholm, 2015; Meena, Lehnen, Schmitt, & Saake, 2011) . Guan and coworkers ) studied preparing hemicellulose based hydrogels through freeze-thaw treatment. In this study, the hydrogels were prepared from hemicelluloses, polyvinyl alcohol and nanowhiskers. With increasing the portion of chitin whiskers, the mechanical of the hydrogels were significantly improved, with the highest stress of 9.6 MPa. In another study (Gabrielii & Gatenholm, 2015) , the hydrogel complexing between glucuronic acid and amino acids indicated porous structure, sensitive to pH.
IPNs are ''alloys'' of cross-linked polymers, at least one of them being synthesized and/or cross-linked within the immediate presence of the other, without any covalent bonds between them, which cannot be separated unless chemical bonds are broken (Dragan, 2014; Myung et al., 2008) . IPN is a multi-component network made by molecular scale penetration of a linear or branched polymer into a cross-linked network that offer superior control and versatility over single network hydrogels with possibilities to tailor-make products with desired properties by mixing countless combinations of polymers with complementing characteristics (Matricardi et al., 2013; Myung et al., 2008; Reddy, Rao, Vani, Rao, & Lee, 2016) . In study by Malaki et al. employed the abundant hemicellulose by green method to fabricate the semi-IPN hydrogels. The hydrogel was directly produced by a facile and green synthetic pathway through cross-linking modified. A category of said composite networks can be developed by the simultaneous or sequential cross-linking of at least two polymer networks in juxtaposition. In another study of Maleki and coworkers (Maleki et al., 2017) , AcGGM was employed to prepare IPNs-hydrogels via free radical polymerization and "click chemistry reaction" ( Figure 5 ). As-prepared IPNs hydrogels indicated faster swelling rates, highly porous structure and significantly improved shear storage modulus than the corresponding precursor single networks of AcGGM (Maleki et al., 2017) .
Conductivity Hemicellulose Based Hydrogels
Recent years, conducting polymers draw a lot of interest for provide more conductive environment and exhibiting improved impedance characteristics and provide a softer mechanical interface when compared to conventional metal electrodes (Green, Lovell, & Poole-Warren, 2009 ). Recent studies have demonstrated that electrical stimuli can adjust a range of cellular activities, such as cell adhesion, migration, and proliferation (Yousaf, Houseman, & Mrksich, 2001 field. However, they are not environmentally friend (Guo, Glavas, & Albertsson, 2013) . Zhao et al. synthesized electrically conductive hemicellulose hydrogels via one-pot reaction. In this study, o-acety-galactoglucomannan reacts with aniline pentamer. The reactions were green and ambient (water and room temperature). The author used aniline oligomers with carboxyl group to enhance the solubility in water, where previous studies that aniline with poor solubility in water (Meybodi, Imani, & Atai, 2013) . The hemicellulose based hydrogel were prepared through cross-linking reaction of AcGGM with epichlorohydrin in the presence of aniline pentama and sodium hydroxide ( Figure 6 ). The hydrogels without AP were transparent; however, due to dark of AP, ECHHs were opaque. And the FT-IR shows the structure of the ECHHs exist the carbonyl group and hemicellulose successfully incorporated to AP at 1568 −1 peak. The smelling behavior affect a lot by cross-linker agent, and the thermal stability of ECHHs was enhanced, and the conductivity increased by 3 orders of magnitude.
Applications of Hemicellulose Based Hydrogels
Hemicellulose based hydrogels show high potential for utilization in remarkable applications. Unique properties, such as being branched polymers with several structures based on the different sources and the ability to be modified by several physical and chemical reactions, provides hemicellulose based hydrogel with an ability to be used in many fields. Open Journal of Forestry Figure 6 . The synthetic pathway of conduct polymers (Zhao, Glavas, Odelius, Edlund, & Albertsson, 2014) .
Nowadays, as the development of economy and industrialization, environment was heavily polluted through water, atmosphere and soil. Among of them, the heavy metal pollution is harmful to human beings and animals, due to the heavy metal can penetrate in soil and water. Animals and mankind once take in the body; the heavy metal could accumulate in body hurt organs. In recent years, environmentally sensitive hydrogels have been widely applied as adsorbents for the removal of hazardous substances from waste water.
Sun and coworkers (Sun et al., 2015) , using CaCO 3 as the porogen, prepared the wheat straw hemicellulose based hydrogels, which had high adsorption capacity for methylene blue and smart swelling property. These properties were very significant for wastewater treatment application. In another research, macro porous xylan-rich hemicellulose based hydrogels were fabricated via free radical copolymerization of xylan and acrylic acid. In study, the results indicated that adsorption capacities of as-prepared hydrogels for up-taking Pb 2+ , Cd 2+ , and Zn 2+ were 635, 448, 158 mg/g respectively. While, as the pH value increasing, due to the proton depriving by base, the adsorption capacity significantly increased. A novel hemicellulose based hydrogels were designed by Ferrari and coworkers (Ferrari et al., 2014) . The amidoamine was introduced into the backbone of the hemicellulose, through water based free radical graft copolymerization and cross-linking. And the hydrogel displayed a significantly high adsorp- CrO − .
Summary and Overview
The hemicelluloses based hydrogels as renewable and biodegradable materials, have a lot of favorable properties such as hydrophilicity, biodegradability, biocompatibility, transparency, low cost, and non-toxicity. Therefore, hemicellulose based hydrogel was widely applied in contact lenses, tissue engineering, and so on. Hemicellulose based hydrogels can be prepared via free radical pathway and click reaction of thiol directives. Theses hydrogels have been studied in drug deAniline Pentamer Open Journal of Forestry livery, super adsorbent of heavy metal for environment treatment and adsorption of water. Recent researches into hemicellulose based hydrogels have combined hemicellulose with chitosan, polyvinyl alcohol to create hybrid hydrogels with anti-bacterial function. However, hemicellulose based hydrogels are usually brittle and weak-strength, which restrict their application in material field. In future, preparing hemicellulose based hydrogels such as semi and full IPN hydrogels that have high strength and swelling capacity will have promising prospect. In addition, special functional hydrogels such as conductible, magnetic, and hybrid composites will attract lots of attention. In a word, hemicellulose is environmental friendly and low-cost hydrogels, which will form a viable substitute for fossil-based materials in near future.
